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(57) ABSTRACT 

In a method for forming a silicon-on-insulator FET provid 
ing a contact to be given a ?xed potential to a substrate, 
substrate-biasing between an SOI transistor and the silicon 
substrate is performed via a plug. As a result, the contact 
hole for the substrate-biasing does not need to pass through 
an insulating layer, a silicon layer, and an interlayer insu 
lating layer. Therefore, the interlayer insulating layer can be 
made to have shalloW depth. Ions can be implanted to the 
surface of the substrate via the contact hole for substrate 
biasing. As a result, contact holes for substrate-biasing can 
be formed Without the contact holes for substrate-biasing 
causing an opening fault. 

20 Claims, 13 Drawing Sheets 
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METHOD FOR FORMING 
SEMICONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a divisional application of application Ser. No. 
10/445,859, ?led May 28, 2003, now US. Pat. No. 6,995, 
049, Which is a divisional application of application Ser. No. 
09/962,190, ?led Sep. 26, 2001, now US. Pat. No. 6,632, 
710, Which are hereby incorporated by reference in their 
entirety for all purposes. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a method for 
forming a silicon-on-insulator PET, and more particularly, 
the present invention relates to the method for forming a 
silicon-on-insulator FET providing a contact to be given a 
?xed potential to a substrate reduction of contact resistance 
on a substrate having a SOI layer isolated With an insulating 
layer. 

This application is counterparts of Japanese application 
Serial Number 312351/2000, ?led Oct. 12, 2000 and Japa 
nese application Serial Number 118227/2001, ?led Apr. 17, 
2001, the subject matter of Which is incorporated herein by 
reference. 

2. Description of the Related Art 

The conventional SOI FETs have a “?oating body” in 
Which the body of the PET is located on an insulating layer 
and not electrically connected to a ?xed potential. Floating 
body SOI devices can experience high leakage current and 
parasitic bipolar action. This disadvantage can be eliminated 
by providing a contact to the substrate to tie the body to a 
?xed potential. 

In conventional arts, a method for forming a silicon-on 
insulator FET providing a contact to be given a ?xed 
potential to a substrate, is discussed as folloWs. 

A silicon-on insulator (SOI) transistor includes a transis 
tor region formed in a silicon layer on a substrate via an 
insulating layer. An interlayer insulating layer overlies the 
SOI transistor. The SOI transistor includes a conductive 
contact layer Which extends through the interlayer insulating 
layer, the silicon layer, and the insulating layer. The con 
ductive contact layer is ?lled in a contact hole Which is 
formed by etching the interlayer insulating layer, the silicon 
layer, and the insulating layer so as to expose a surface of the 
substrate. The exposed surface of the substrate is implanted 
With ions via the contact hole to decrease a contact resis 
tance. 

The conventional SOI transistor has a performance dis 
advantage. Since the contact hole is formed by etching the 
interlayer insulating layer, the silicon layer and the insulat 
ing layer so as to expose a surface of the substrate, it is deep. 
As a result, a deep contact hole has a high aspect ratio. The 
ion-implantation to the surface of the substrate via the 
contact hole is hardly performed. The variation shape of the 
contact hole contributes to the variation of the contact 
variation. The contact hole for substrate-biasing is deeper 
than contact holes of a source, a drain, and a gate in the SOI 
transistor. If these contact holes are simultaneously formed 
each of portions, the contact hole for substrate-biasing 
causes an opening fault because of it is deep contact hole. 
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2 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
for forming a silicon-on-insulator FET that can have ions 
implanted to the surface of the substrate via the contact hole 
for substrate-biasing. It can form the contact hole for sub 
strate-biasing Without the contact hole for substrate-biasing 
causing an opening fault. 

According to one aspect of the present invention, for 
achieving the above object, there is provided a method for 
forming a silicon-on-insulator FET providing a contact to be 
given a ?xed potential to a substrate, the method comprising: 
providing a semiconductor substrate having an insulating 
layer; forming a silicon layer on the insulating layer; form 
ing a ?rst conductive contact layer extending through the 
silicon layer and the insulating layer, the ?rst conductive 
contact layer electrically connected to the substrate; forming 
an interlayer-insulating layer overlying the silicon layer; 
forming a through-hole in the interlayer-insulating layer, the 
through-hole formed so as to correspond to the ?rst con 
ductive contact layer; and ?lling a second conductive con 
tact layer in the through-hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the speci?cation concludes With claims particularly 
pointing out and distinctly claiming the subject matter that 
is regarded as the invention, the invention, along With the 
objects, features, and advantages thereof, Will be better 
understood from the folloWing description taken in connec 
tion With the accompanying draWings, in Which: 

FIG. lA-FIG. H are cross-sectional vieWs showing a 
method for forming a silicon-on-insulator FET according to 
a ?rst preferred embodiment of a present invention. 

FIG. 2A-FIG. 2I are cross-sectional vieWs shoWing a 
method for forming a silicon-on insulator FET according to 
a second preferred embodiment of a present invention. 

FIG. 3A-FIG. 3I are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a third preferred embodiment of a present invention. 

FIG. 4A-FIG. 4G are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a fourth preferred embodiment of a present invention. 

FIG. SA-FIG. 5G are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a ?fth preferred embodiment of a present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A method for forming a silicon-on-insulator FET accord 
ing to a ?rst preferred embodiment of the present invention 
Will hereinafter be described in detail With reference to the 
accompanying draWings. 

FIG. lA-FIG. H are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a ?rst preferred embodiment of a present invention. 
As shoWn in FIG. 1A, a silicon-on-insulator (SOI) struc 

ture is provided. Examples of the methods to form the SOI 
structure are called SIMOX (separation by implantation of 
oxygen) or a bonded Wafer. The SOI structure is made up of 
a silicon substrate 10, an insulating layer 20, and a silicon 
layer 30. Then, a silicon oxide ?lm 40 and a silicon nitride 
layer 50 are sequentially formed on the silicon layer 30. 
Then, a ?rst resist pattern 60 is overlaid the silicon nitride 
layer 50. The ?rst resist pattern 60 has an opening corre 
sponding to a portion in Which is formed a contact hole for 
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a substrate-biasing. The ?rst resist pattern 60 has other 
openings corresponding to each of portions in Which is 
formed isolating portions betWeen an active region (transis 
tor region) in the silicon layer 30 (not shoWn). 
As shoWn in FIG. 1B, the silicon nitride layer 50, the 

silicon oxide ?lm 40, the silicon layer 30, and the insulating 
layer 20 are etched using the ?rst resist pattern 60 as an 
etching mask. As a result, a ?rst contact hole 70 for 
substrate-biasing is formed so as to pass through the silicon 
nitride layer 50, the silicon oxide ?lm 40, the silicon layer 
30, and the insulating layer 20. Then, the ?rst resist pattern 
60 is removed. 
As shoWn in FIG. 1C, a polycrystalline silicon layer 80 is 

formed so as to ?ll the ?rst contact hole 70 and overlie the 
silicon nitride layer 50. The polycrystalline silicon layer 80 
is provided to have loW-resistance contact by implanting 
ions. The ions are also diffused in a portion of the silicon 
substrate 10 for the substrate-biasing by annealing. There 
fore, a diffused region in the silicon substrate 10 is formed 
by processes of the ion-implantation and the annealing, 
Which can decrease the contact resistance for the substrate 
biasing. The diffused region may be formed by implanting 
ions in the ?rst contact hole 70 and by annealing. 
As shoWn in FIG. 1D, the polycrystalline silicon layer 80 

is polished until a surface of the silicon nitride layer 50 is 
exposed by using CMP (Chemical Mechanical Polishing). 
As a result, a ?rst conductive contact layer (plug) 90 of the 
polycrystalline silicon layer 80 is formed in the ?rst contact 
hole 70. 
As shoWn in FIG. 1E, a second resist pattern 100 has an 

opening so as to expose a top surface of the plug 90. A 
diameter of the opening is larger than that of the plug 90. The 
second resist pattern 100 is overlaid the silicon nitride layer 
50. 
As shoWn in FIG. 1F, the silicon nitride layer 50 is etched 

using the second resist pattern 100 as an etching mask. At 
this time, since the diameter of the opening is larger than that 
of the plug 90, a tip of the plug 90 protrudes. 
As shoWn in FIG. 1G, the annealing process is performed. 

As a result, the tip of the plug 90 and a portion of the silicon 
layer 30 around the tip of the plug 90 is changed from silicon 
and polycrystalline silicon to an oxide. Thus, a ?eld oxide 
?lm 110 is formed. Other ?eld oxide ?lms are also formed 
in each of portions Which are formed at isolating portions 
betWeen active regions (transistor region) in the silicon layer 
30 (not shoWn). The top surface of the ?eld oxide ?lm 110 
can be a loW height level because a ?eld oxidation process 
is performed to the tip of the plug 90. Accordingly, the ?eld 
oxidation process may be improved by the planation for 
interlayer insulating layers. 
As shoWn in FIG. 1H, the silicon nitride layer 50 and the 

silicon oxide ?lm 40 are removed. 
As shoWn in FIG. H, a ?eld effect transistor (FET) 300 

having a source 200, a drain 210, and a gate 220 are formed 
In the active region of the silicon layer 30. Then, an 
interlayer insulating layer 120 is overlaid an entire structure 
including the ?eld oxide ?lm 110 and the silicon layer 30 
using CVD process. Here, the interlayer insulating layer 120 
is a P-TEOS (Plasma-Tetraethoxysilane), a BPSG (Boro 
Phospho-Silicate Glass), or an NSG (Non-doped Silicate 
Glass). Then, a second contact hole 130 is formed so as to 
pass through the interlayer insulating layer 120 and the ?eld 
oxide ?lm 110 and to expose a surface of the plug 90. The 
second contact hole 130 is formed so as to correspond to the 
?rst contact hole 70. Third contact holes 230 are formed so 
as to expose a source 200, a drain 210, and a gate 220 in the 
silicon layer 30, simultaneously With the second contact hole 
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4 
130. The simultaneously forming process can be performed 
because the second and third contact holes 130 and 230 have 
the substantially same depth. Then, a conductive layer is 
overlaid the interlayer insulating layer 120 so as to ?ll With 
the second and third contact holes 130 and 230. Then, the 
conductive layer is polished until a surface of the interlayer 
insulating layer 120 is exposed by using CMP. As, a result, 
second conductive contact layers 140 are simultaneously 
formed in the second and third contact holes 130 and 230. 
Here, the conductive layer is a tungsten (W). Then, an 
interconnection 150 is electrically connected to the respec 
tive second conductive contact layers 140. 
As mentioned above, in the ?rst preferred embodiment, 

the substrate-biasing betWeen the SOI transistor and the 
silicon substrate 10 is performed via the plug 90. As a result, 
the contact hole for the substrate-biasing does not need to 
pass through the insulating layer 20, the silicon layer 30, and 
the interlayer insulating layer 120. Therefore, the interlayer 
insulating layer 120 can have shalloW depth. Accordingly, 
by the ?rst preferred embodiment, ions can be implanted 
easily to the surface of the substrate via the contact hole for 
substrate-biasing. It can form the contact hole for substrate 
biasing Without the contact hole for substrate-biasing caus 
ing an opening fault. It can be avoided the problem that the 
PET is electrically connected to the conductive contact layer 
in the contact hole because the plug is formed so as to be 
isolated from the active region of the silicon layer. 

In the ?rst preferred embodiment, a shalloW trench iso 
lation layer may be used instead of the ?eld oxide ?lm. The 
third contact hole 230 may be formed for only the source and 
the drain, or it may be formed for only one of the source and 
the drain. 
A method to improve a laW resistance betWeen the plug 90 

and the silicon substrate 10 is described as folloWs. 
For using a silicide layer to decrease a resistance betWeen 

the plug 90 and the silicon substrate 10, a high melting point 
metal is formed so as to ?ll the ?rst contact hole 70 and 
overlie the silicon nitride layer 50, after removing the resist 
pattern 60 as shoWn in FIG. 1B. HoWever, the silicide layer 
is also formed on the silicon layer 30 exposed in the ?rst 
contact hole 70. 

In a modi?cation for the ?rst preferred embodiment, the 
high melting point metal is formed so as to ?ll the ?rst 
contact hole 70 and overlie the silicon nitride layer 50. After 
that, the plug 90 is formed before performing the annealing 
process. Then, the high melting point metal on the silicon 
layer 30 exposed in the ?rst contact hole 70, is removed 
Without removing the high melting point metal betWeen the 
plug 90 and the silicon substrate 10. For example, the 
etching process is performed using RIE. As a result, the 
silicide layer is not formed on the silicon layer 30, and it can 
de?nitely be formed betWeen the plug 90 and the silicon 
substrate 10. 

FIG. 2A-FIG. 2I are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a second preferred embodiment of a present invention. 
As shoWn in FIG. 2A, a silicon-on-insulator (SOI) struc 

ture is provided. Examples of the methods to form the SOI 
structure are called SIMOX or a bonded Wafer. The SOI 
structure is made up of a silicon substrate 10, an insulating 
layer 20, and a silicon layer 30. Then, a silicon oxide ?lm 40 
and a silicon nitride layer 50 are sequentially formed on the 
silicon layer 30. Then, a ?rst resist pattern 60 is overlaid the 
silicon nitride layer 50. The ?rst resist pattern 60 has an 
opening corresponding to a portion in Which is formed a 
contact hole for substrate-biasing. The ?rst resist pattern 60 
has other openings corresponding to each of portions in 
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Which is formed isolating portions between active regions 
(transistor region) in the silicon layer 30 (not shoWn). 
As shoWn in FIG. 2B, the silicon nitride layer 50, the 

silicon oxide ?lm 40, the silicon layer 30, and the Insulating 
layer 20 are etched using the ?rst resist pattern 60 as an 
etching mask. As a result, a ?rst contact hole 70 for 
substrate-biasing is formed so as to pass through the silicon 
nitride layer 50, the silicon oxide ?lm 40, the silicon layer 
30 and the insulating layer 20. Then, the ?rst resist pattern 
60 is removed. 
As shoWn in FIG. 2C, a polycrystalline silicon layer 80 is 

formed so as to ?ll the ?rst contact hole 70 and overlie the 
silicon nitride layer 50. The polycrystalline silicon layer 80 
is provided as having a loW-resistance contact by implanting 
ions. The ions are also diffused in a portion of the silicon 
substrate 10 is for the substrate-biasing by annealing. There 
fore, a diffused region in the silicon substrate 10 is formed 
by processes of the ion-implantation and the annealing, 
Which can decrease the contact resistance for the substrate 
biasing. 

The di?‘used region may be formed by implanting ions in 
the ?rst contact hole 70 and by annealing. 
As shoWn in FIG. 2D, the polycrystalline silicon layer 80 

is polished until a surface of the silicon nitride layer 50 is 
exposed by using CMP. As a result, a ?rst conductive contact 
layer (plug) 90 of the polycrystalline silicon layer 80 is 
formed in the ?rst contact hole 70. 
As shoWn In FIG. 2E, a second resist pattern 100 has an 

opening so as to expose a top surface of the silicon nitride 
layer 50 around a top of the plug 90. Here, the second resist 
pattern 100 is overlaid the top of the plug 90. 
As shoWn in FIG. 2F, the silicon oxide ?lm 40 and the 

silicon nitride layer 50 are etched using the second resist 
pattern 100 as an etching mask. As a result, the silicon layer 
30 spaced from the plug 90 is exposed. Then, the second 
resist pattern 100 is removed. 
As shoWn in FIG. 2G, the annealing process is performed. 

As a result, the tip of the plug 90 and a portion of the silicon 
layer 30 around the tip of the plug 90 is changed from silicon 
and polycrystalline silicon to an oxide. Thus, a ?eld oxide 
?lm 110 is formed on each portions of the tip of the plug 90 
and the portion of the silicon layer 30 around the tip of the 
plug 90. The ?eld oxide ?lm 110 on the portion of the silicon 
layer 30 serves as an isolation region in the silicon layer 30. 
The ?eld oxide ?lm 110 on the portion of the silicon layer 
30 de?nes an active region (transistor region) in the silicon 
layer 30. The top surface of the ?eld oxide ?lm 110 on the 
plug 90 can be a loW height level because a ?eld oxidation 
process is performed to the tip of the plug 90. Accordingly, 
the ?eld oxidation process may improve the planation for 
interlayer insulating layers. 
As shoWn in FIG. 2H, the silicon nitride layer 50 and the 

silicon oxide ?lm 40 are removed. 
As shoWn in FIG. 2I, a PET 300 having a source 200, a 

drain 210, and a gate 220 are formed in the active region of 
the silicon layer 30. Then, an interlayer insulating layer 120 
is overlaid an entire structure including the ?eld oxide ?lm 
110 and the silicon layer 30 using CVD process. Here, the 
interlayer insulating layer 120 is a P-TEOS, a BPSG, or an 
NSG. Then, a second contact hole 130 is formed so as to 
pass through the interlayer insulating layer 120 and the ?eld 
oxide ?lm 110 and to expose a surface of the plug 90. The 
second contact hole 130 is formed so as to correspond to the 
?rst contact hole 70. Third contact holes 230 are formed so 
as to expose a source 200, a drain 210 and a gate 220 in the 
silicon layer 30, simultaneously With the second contact hole 
130. The simultaneously forming process can be performed 
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6 
because the second and third contact holes 130 and 230 have 
the substantially same depth. Then, a conductive layer is 
overlaid the interlayer insulating layer 120 so as to ?ll the 
second and third contact holes 130 and 230. Then, the 
conductive layer is polished until a surface of the interlayer 
insulating layer 120 is exposed using CMP. As a result, 
second conductive contact layers 140 are simultaneously 
formed in the second and third contact holes 130 and 230. 
Here, the conductive layer is tungsten (W). Then, an inter 
connection 150 is electrically connected to the respective 
second conductive contact layers 140. 
As mentioned above, in the second preferred embodi 

ment, the substrate-biasing betWeen the SOI transistor and 
the silicon substrate 10 is performed via the plug 90. As a 
result, the contact hole for the substrate-biasing does not 
need to pass through the insulating layer 20, the silicon layer 
30,and the interlayer insulating layer 120. Therefore, the 
interlayer insulating layer 120 can have shalloW depth. 
Accordingly, by the second preferred embodiment the ions 
can be implanted to the surface of the substrate via the 
contact hole for substrate-biasing. It can form the contact 
hole for substrate-biasing Without the contact hole for sub 
strate-biasing causing an opening fault. It can be avoided the 
problem that the PET is electrically connected to the con 
ductive contact layer in the contact hole because the plug is 
formed so as to be isolated from the active region of the 
silicon layer. 

Further, in the second preferred embodiment, the ?eld 
oxide ?lm is formed so as to surround the periphery of the 
plug. As a result, it could be de?nitely avoided the problem 
that the conductive contact layer is electrically connected to 
the transistor region in the silicon layer. 

In the second preferred embodiment, a shalloW trench 
isolation layer may be used instead of the ?eld oxide ?lm. 
The third contact hole may be formed for only the source 
and the drain, or it may be formed for only one of the source 
and the drain. 

FIG. 3A-FIG. 3I are cross-sectional vieWs shoWing a 
method for forming a silicon-on-insulator FET according to 
a third preferred embodiment of a present invention. 
As shoWn in FIG. 3A, a silicon-on-insulator (SOI) struc 

ture is provided. Examples of the methods to form the SOI 
structure are called SIMOX or a bonded Wafer. The SOI 
structure is made up of a silicon substrate 10, an insulating 
layer 20, and a silicon layer 30. Then, a silicon oxide ?lm 40 
and a silicon nitride layer 50 are sequentially formed on the 
silicon layer 30. Then, a ?rst resist pattern 60 is overlaid the 
silicon nitride layer 50. The ?rst resist pattern 60 has an 
opening corresponding to a portion in Which is formed a 
contact hole for substrate-biasing. The ?rst resist pattern 60 
has other openings corresponding to each of portions in 
Which are formed isolating portions betWeen active regions 
(transistor region) in the silicon layer 30 (not shoWn). 
As shoWn in FIG. 3B, the silicon nitride layer 50, the 

silicon oxide ?lm 40, the silicon layer 30, and the insulating 
layer 20 are etched using the ?rst resist pattern 60 as an 
etching mask. As a result, a ?rst contact hole 70 for 
substrate-biasing is formed so as to pass through the silicon 
nitride layer 50, the silicon oxide ?lm 40, the silicon layer 
30, and the insulating layer 20. Then, the ?rst resist pattern 
60 is removed. 
As shoWn in FIG. 3C, a polycrystalline silicon layer 80 is 

formed so as to ?ll the ?rst contact hole 70 and overlie the 
silicon nitride layer 50. The polycrystalline silicon layer 80 
is provided as a loW-resistance contact by implanting ions. 
The ions are also di?‘used in a portion of the silicon substrate 
10 for the substrate-biasing by annealing. Therefore, a 
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diffused region in the silicon substrate 10 is formed by 
processes of the ion-implantation and the annealing, Which 
can decrease the contact resistance for the substrate-biasing. 

The di?‘used region may be formed by implanting ions in 
the ?rst contact hole 70 and by annealing. 
As shoWn in FIG. 3D, the polycrystalline silicon layer 80 

is polished until a surface of the silicon nitride layer 50 is 
exposed by using CMP. As a result, a ?rst conductive contact 
layer (plug) 90 of the polycrystalline silicon layer 80 is 
formed In the ?rst contact hole 70. 
As shoWn in FIG. 3E, the silicon nitride layer 50 is 

removed. Then, neW silicon nitride layer 500 is formed so as 
to overlie a top of the plug 90 and the silicon oxide ?lm 40. 
Then, a second resist pattern 100 has an opening so as to 
expose a top surface of the silicon nitride layer 50 around an 
upper portion of the plug 90. Here, the second resist pattern 
100 is overlaid the upper portion of the plug 90. 
As shoWn In FIG. 3F, the silicon oxide ?lm 40 and the 

silicon nitride layer 500 are etched using the second resist 
pattern 100 as an etching mask. As a result, the silicon layer 
30 spaced from the plug 90 is exposed. Then, the second 
resist pattern 100 is removed. Accordingly, a patterned 
silicon nitride layer 600 is provided that has an opening so 
as to expose a top surface of the silicon layer 30 around an 
upper portion of the plug 90. Here, the patterned silicon 
nitride layer 600 is overlaid the top of the plug 90. 
As shoWn in FIG. 3G, in state of overlying the plug 90 

With the patterned silicon nitride layer, the annealing process 
is performed. As a result, only a portion of the silicon layer 
30 around the tip of the plug 90 is changed from silicon and 
polycrystalline silicon to an oxide. Thus, a ?eld oxide ?lm 
110 is formed on the portion of the silicon layer 30 around 
the tip of the plug 90. The ?eld oxide ?lm 110 on the portion 
of the silicon layer 30 serves as an isolation region in the 
silicon layer 30. The ?eld oxide ?lm 110 on the portion of 
the silicon layer 30 de?nes an active region (transistor 
region) in the silicon layer 30. 
As shoWn in FIG. 3H, the patterned silicon nitride layer 

and the silicon oxide ?lm 40 are removed. 
As shoWn in FIG. 3I, a PET 300 having a source 200, a 

drain 210, and a gate 220 are formed in the active region of 
the silicon layer 30. Then, an interlayer insulating layer 120 
is overlaid an entire structure including the ?eld oxide ?lm 
110 and the silicon layer 30 using CVD process. Here, the 
interlayer insulating layer 120 is a P-TEOS, a BPSG, or an 
NSG. Then, a second contact hole 130 is formed so as to 
pass through the interlayer insulating layer 120 and the ?eld 
oxide ?lm 110 and to expose a surface of the plug 90. The 
second contact hole 130 is formed so as to correspond to the 
?rst contact hole 70. Third contact holes 230 are formed so 
as to expose a source 200, a drain 210, and a gate 220 in the 
silicon layer 30, simultaneously With the second contact hole 
130. The simultaneously forming process can be performed 
because the second and third contact holes 130 and 230 have 
the substantially same depth. Then, a conductive layer is 
overlaid the interlayer insulating layer 120 so as to ?ll the 
second and third contact holes 130 and 230. Then, the 
conductive layer is polished until a surface of the interlayer 
insulating layer 120 is exposed using CMP. As a result, 
second conductive contact layers 140 are simultaneously 
formed in the second and third contact holes 130 and 230. 
Here, the conductive layer is tungsten (W). Then, an inter 
connection 150 is electrically connected to the respective 
second conductive contact layers 140. 
As mentioned above, in the third preferred embodiment, 

the substrate-biasing betWeen the SOI transistor and the 
silicon substrate 10 is performed via the plug 90. As a result, 
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8 
the contact hole for the substrate-biasing does not need to 
pass through the insulating layer 20, the silicon layer 30, and 
the interlayer insulating layer 120. Therefore, the interlayer 
insulating layer 120 can have shalloW depth. Accordingly, 
by the third preferred embodiment the ions can be implanted 
to the surface of the substrate via the contact hole for 
substrate-biasing. It can form the contact hole for substrate 
biasing Without the contact hole for substrate-biasing caus 
ing an opening fault. It can be avoided the problem that the 
PET is electrically connected to the conductive contact layer 
in the contact hole because the plug is formed so as to be 
isolated from the active region of the silicon layer. 

Further, in the third preferred embodiment, the ?eld oxide 
?lm is formed so as to surround the periphery of the plug. 
As a result, it could be de?nitely avoided the problem that 
the conductive contact layer is electrically connected to the 
transistor region in the silicon layer. 

Further, the third preferred embodiment could be formed 
so as to protrude a tip of the plug 90. Therefore, a thickness 
of the plug is thicker than the ?rst and second preferred 
embodiments. Accordingly, since the contact hole could be 
shalloWer than the ?rst and second preferred embodiments, 
it can form the contact hole for substrate-biasing Without the 
contact hole causing an opening fault. 

In the third preferred embodiment, a shalloW trench 
isolation layer may be used instead of the ?eld oxide ?lm. 
The third contact hole may be formed for only the source 
and the drain, or it may be formed for only one of the source 
and the drain. 

FIG. 4A-FIG. 4G are cross-sectional vieWs shoWing a 
method for forming a silicon-on insulator FET according to 
a fourth preferred embodiment of a present invention. 

As shoWn in FIG. 4A, a silicon-on-insulator (SOI) struc 
ture is provided. Examples of the methods to form the SOI 
structure are called SIMOX or a bonded Wafer. The SOI 
structure is made up of a silicon substrate 10, an insulating 
layer 20, and a silicon layer 30. Then, a silicon oxide ?lm 40 
and a silicon nitride layer 50 are sequentially formed on the 
silicon layer 30. Then, a ?rst resist pattern (not shoWn) is 
overlaid the silicon nitride layer 50. The ?rst resist pattern 
has an opening corresponding to an isolation region in the 
silicon layer 30. Then, the annealing process is performed. 
As a result, a portion of the silicon layer 30 of the isolation 
region is changed from silicon and polycrystalline silicon to 
an oxide. Thus, a ?eld oxide ?lm 110 is formed in the 
isolation region in the silicon layer 30. The ?eld oxide ?lm 
110 de?nes a transistor region in the silicon layer 30. 
As shoWn in FIG. 4B, a second resist pattern 60 is 

overlaid the silicon nitride layer 50. The second resist 
pattern 60 has an opening so as to expose an upper portion 
of the ?eld oxide ?lm 110 in a region in Which is formed a 
contact hole for substrate-biasing. 
As shoWn in FIG. 4C, the ?eld oxide ?lm 110 and the 

silicon layer 30 are etched using the second resist pattern 60 
as an etching mask. As a result, a ?rst contact hole 70 is 
formed so as to pass through the ?eld oxide ?lm 110 and the 
silicon layer 30. 
As shoWn in FIG. 4D, a polycrystalline silicon layer 80 is 

formed so as to ?ll the ?rst contact hole 70 and overlie the 
silicon nitride layer 50. The polycrystalline silicon layer 80 
is provided as a loW-resistance contact by implanting ions. 
The ions are also di?‘used in a portion of the silicon substrate 
10 for the substrate-biasing by annealing. Therefore, a 
diffused region in the silicon substrate 10 is formed by 
processes of the ion-implantation and the annealing, Which 
can decrease the contact resistance for the substrate-biasing. 
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The di?‘used region may be formed by implanting ions in 
the ?rst contact hole 70 and by annealing. 
As shoWn in FIG. 4E, the polycrystalline silicon layer 80 

is polished until a surface of the silicon nitride layer 50 and 
the ?eld oxide ?lm 110 is exposed by using CMP. As a 
result, a ?rst conductive contact layer (plug) 90 of the 
polycrystalllne silicon layer 80 is formed in the ?rst contact 
hole 70. 
As shoWn in FIG. 4F, the silicon nitride layer 50 and the 

silicon oxide ?lm 40 are removed. 
As shoWn in FIG. 4G, a PET 300 having a source 200, a 

drain 210, and a gate 220 are formed in the active region of 
the silicon layer 30. Then, an interlayer insulating layer 120 
is overlaid an entire structure including the ?eld oxide ?lm 
110 and the silicon layer 30 using CVD process. Here, the 
interlayer insulating layer 120 is a P-TEOS, a BPSG, or an 
NSG. Then, a second contact hole 130 is formed so as to 
pass through the interlayer insulating layer 120 and the ?eld 
oxide ?lm 110 and to expose a surface of the plug 90. The 
second contact hole 130 is formed so as to correspond to the 
?rst contact hole 70. Third contact holes 230 are formed so 
as to expose a source 200, a drain 210, and a gate 220 in the 
silicon layer 30, simultaneously With the second contact hole 
130. The simultaneously forming process can be performed 
because the second and third contact holes 130 and 230 have 
the substantially same depth. Then, a conductive layer is 
overlaid the interlayer insulating layer 120 so as to ?ll the 
second and third contact holes 130 and 230. Then, the 
conductive layer is polished until a surface of the interlayer 
insulating layer 120 is exposed using CMP. As a result, 
second conductive contact layers 140 are simultaneously 
formed in the second and third contact holes 130 and 230. 
Here, the conductive layer is tungsten (W). Then, an inter 
connection 150 is electrically connected to the respective 
second conductive contact layers 140. 
As mentioned above, in the fourth preferred embodiment, 

the substrate-biasing betWeen the SOI transistor and the 
silicon substrate 10 is performed via the plug 90. As a result, 
the contact hole for the substrate-biasing does not need to 
pass through the insulating layer 20, the silicon layer 30, and 
the interlayer insulating layer 120. Therefore, the interlayer 
insulating layer 120 can have shalloW depth. Accordingly, 
by the fourth preferred embodiment the ions can be 
implanted to the surface of the substrate via the contact hole 
for substrate-biasing. It can form the contact hole for sub 
strate-biasing Without the contact hole for substrate biasing 
causing an opening fault. It can be avoided the problem that 
the PET is electrically connected to the conductive contact 
layer in the contact hole because the plug is formed so as to 
be isolated from the active region of the silicon layer. 

Further, in the fourth preferred embodiment, ?rst of all, 
?eld oxide ?lms as de?ning the transistor region are formed 
in the silicon layer of the SOI structure. Then, the plug for 
the substrate-biasing is formed. Therefore, the fourth pre 
ferred embodiment does not need the ?eld oxide ?lm for the 
substrate-biasing. Accordingly, it could be avoided the prob 
lem of increasing the chip siZe. 

Further, in the fourth preferred embodiment, the ?eld 
oxide ?lm is formed so as to surround the periphery of the 
plug. As a result, it could be de?nitely avoided the problem 
that the conductive contact layer is electrically connected to 
the transistor region in the silicon layer. 

In the fourth preferred embodiment, a shalloW trench 
isolation layer may be used instead of the ?eld oxide ?lm. 
The third contact hole may be formed for only the source 
and the drain, or it may be formed for only one of the source 
and the drain. 
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FIG. SA-FIG. 5G are cross-sectional vieWs shoWing a 

method for forming a silicon-on-insulator FET according to 
a ?fth preferred embodiment of a present invention. 
As shoWn In FIG. 5A, a silicon-on-insulator (SOI) struc 

ture is provided. Examples of the methods to form the SOI 
structure are called SIMOX or a bonded Wafer. The $01 
structure is made up of a silicon substrate 10, an insulating 
layer 20, and a silicon layer 30. Then, a silicon oxide ?lm 40 
and a silicon nitride layer 50 are sequentially formed on the 
silicon layer 30. Then, a ?rst resist pattern (not shoWn) is 
overlaid the silicon nitride layer 50. The ?rst resist pattern 
has an opening corresponding to an isolation region in the 
silicon layer 30. Then, the annealing process is performed. 
As a result, a portion of the silicon layer 30 of the isolation 
region is changed from silicon and polycrystalline silicon to 
an oxide. Thus, a ?eld oxide ?lm 110 is formed in the 
isolation region in the silicon layer 30. The ?eld oxide ?lm 
110 de?nes a transistor region in the silicon layer 30. 
As shoWn in FIG. SE, a second resist pattern 60 is 

overlaid the silicon nitride layer 50. The second resist 
pattern 60 has an opening so as to expose an upper portion 
of the ?eld oxide ?lm 110 in a region in Which is formed a 
contact hole for a substrate-biasing. 
As shoWn in FIG. 5C, the ?eld oxide ?lm 110 and the 

silicon layer 30 are etched using the second resist pattern 60 
as an etching mask. As a result, a ?rst contact hole 70 is 
formed so as to pass through the ?eld oxide ?lm 110 and the 
silicon layer 30. 
As shoWn in FIG. 5D, a polycrystalline silicon layer 80 is 

formed so as to ?ll the ?rst contact hole 70 and overlie the 
silicon nitride layer 50. The polycrystalline silicon layer 80 
is provided as a low-resistance contact by implanting ions. 
The ions are also di?‘used in a portion of the silicon substrate 
10 for the substrate-biasing by annealing. Therefore, a 
diffused region in the silicon substrate 10 is formed by 
processes of the ion-implantation and the annealing, Which 
can decrease the contact resistance for the substrate-biasing. 
The diffused region may be formed by implanting ions in 

the ?rst contact hole 70 and by annealing. 
As shoWn in FIG. SE, a third resist pattern (not shoWn) is 

formed on the polycrystailine silicon layer 80. The third 
resist pattern has an opening so as to expose a periphery 
region of the ?eld oxide ?lm 110. The third resist pattern is 
overlaid a plug forming portion. Then, the polycrystalline 
silicon layer 80 is etched using the third resist pattern as an 
etching mask. As a result, a plug 90 is formed in the ?rst 
contact hole 70. 
As shoWn in FIG. 5F, the third resist pattern, the silicon 

nitride layer 50 and the silicon oxide ?lm 40 are removed. 
As shoWn in FIG. 5G, a PET 300 having a source 200, a 

drain 210, and a gate 220 are formed in the active region of 
the silicon layer 30. Then, an interlayer insulating layer 120 
is overlaid an entire structure including the ?eld oxide ?lm 
110 and the silicon layer 30 using CVD process. Here, the 
interlayer insulating layer 120 is a P-TEOS, a BPSG, or an 
NSG. Then, a second contact hole 130 is formed so as to 
pass through the interlayer insulating layer 120 and the ?eld 
oxide ?lm 110 and to expose a surface of the plug 90. The 
second contact hole 130 is formed so as to correspond to the 
?rst contact hole 70. Third contact holes 230 are formed so 
as to expose a source 200, a drain 210, and a gate 220 in the 
silicon layer 30, simultaneously With the second contact hole 
130. The simultaneously forming process can be performed 
because the second and third contact holes 130 and 230 have 
the substantially same depth. Then, a conductive layer is 
overlaid the interlayer insulating layer 120 so as to ?ll the 
second and third contact holes 130 and 230. Then, the 
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conductive layer is polished until a surface of the interlayer 
insulating layer 120 is exposed by using CMP. As a result, 
second conductive contact layers 140 are simultaneously 
formed in the second and third contact holes 130 and 230. 
Here, the conductive layer is tungsten (W). Then, an inter 
connection 150 is electrically connected to the respective 
second conductive contact layers 140. 
As mentioned above, in the ?fth preferred embodiment, 

the substrate-biasing betWeen the SOI transistor and the 
silicon substrate 10 is performed via the plug 90. As a result, 
the contact hole for the substrate-biasing does not need to 
pass through the insulating layer 20, the silicon layer 30, and 
the interlayer Insulating layer 120. Therefore, the interlayer 
insulating layer 120 can have shalloW depth. Accordingly, 
by the ?fth preferred embodiment the ions can be implanted 
to the surface of the substrate via the contact hole for 
substrate-biasing. It can form the contact hole for substrate 
biasing Without the contact hole for substrate-biasing caus 
ing an opening fault. It can be avoided the problem that the 
PET is electrically connected to the conductive contact layer 
in the contact hole because the plug is formed so as to be 
isolated from the active region of the silicon layer. 

Further, in the ?fth preferred embodiment, ?rst of all, ?eld 
oxide ?lms as de?ning the transistor region are formed in the 
silicon layer of the SOI structure. Then, the plug for the 
substrate-biasing is formed. Therefore, the fourth preferred 
embodiment does not need the ?eld oxide ?lm for the 
substrate-biasing. Accordingly, it could be avoided the prob 
lem of increasing the chip siZe. 

Further, in the ?fth preferred embodiment, the ?eld oxide 
?lm is formed so as to surround the periphery of the plug. 
As a result, it could be de?nitely avoided the problem that 
the conductive contact layer is electrically connected to the 
transistor region in the silicon layer. 

In the ?fth preferred embodiment, a shalloW trench iso 
lation layer may be used instead of the ?eld oxide ?lm. The 
third contact hole may be formed for only the source and the 
drain, or it may be formed for only one of the source and the 
drain. 

While the present invention has been described With 
reference to the illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modi?cations of the illustrative embodiments, as Well as 
other embodiments of the invention, Will be apparent to 
those skilled in the art on reference to this description. It is 
therefore contemplated that the appended claims Will cover 
any such modi?cations or embodiments as fall Within the 
true scope of the invention. 

What is claimed as: 
1. A method for forming a silicon-on-insulator FET pro 

viding a contact to be given a ?xed potential to a substrate, 
the method comprising: 

providing a substrate having a semiconductor substrate, 
an insulating layer located on the semiconductor sub 
strate and a silicon layer located on the insulating layer; 

forming a mask layer over the silicon layer, the mask layer 
having an opening that exposes the silicon layer; 

forming an isolating layer in a part of the silicon layer 
exposed by the opening; 

forming a conductive layer extending through the isolat 
ing layer and the insulating layer, and on an upper 
surface of the mask layer, the conductive layer electri 
cally connected to the semiconductor substrate; 

removing the conductive layer from the upper surface of 
the mask layer, the conductive layer that remains being 
a ?rst conductive contact layer; 
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removing the mask layer; 
forming an interlayer-insulating layer overlying the sili 

con layer and the ?rst conductive contact layer; 
forming a through-hole in the interlayer-insulating layer, 

the through-hole formed so as to correspond to the ?rst 
conductive contact layer; and 

?lling a second conductive contact layer in the through 
hole. 

2. The method for forming a silicon-on-insulator FET as 
claimed in claim 1, Wherein the silicon layer includes a 
source, a drain, and a gate. 

3. The method for forming a silicon-on-insulator FET as 
claimed in claim 2, Wherein all of the source, the drain, and 
the gate are formed after forming the isolating layer. 

4. The method for forming a silicon-on-insulator FET as 
claimed in claim 1, Wherein the isolating layer comprises a 
?eld oxide ?lm or a shalloW trench isolating layer. 

5. The method for forming a silicon-on-insulator FET as 
claimed in claim 1, further comprising implanting ions to the 
semiconductor substrate during said forming a conductive 
layer. 

6. The method for forming a silicon-on-insulator FET as 
claimed in claim 1, Wherein the conductive layer is removed 
so that the ?rst conductive contact layer extends on an upper 
surface of the isolating layer. 

7. The method for forming a silicon-on-insulator FET as 
claimed in claim 1, Wherein a Width of the ?rst conductive 
contact layer is greater than a Width of the second conductive 
contact layer. 

8. A method for forming a silicon-on-insulator FET pro 
viding a contact to be given a ?xed potential to a substrate, 
the method comprising: 

providing a substrate having a semiconductor substrate, 
an insulating layer located on the semiconductor sub 
strate and a silicon layer located on the insulating layer; 

forming a mask layer over the silicon layer, the mask layer 
having an opening that exposes the silicon layer; 

forming an isolating layer in a part of the silicon layer 
exposed by the opening; 

forming a ?rst through-hole passing through the isolating 
layer and the insulating layer; 

?lling a conductive layer in the ?rst through-hole and on 
an upper surface of the mask layer, the conductive layer 
electrically connected to the semiconductor substrate; 

removing the conductive layer from the upper surface of 
the mask layer, the conductive layer that remains being 
a ?rst conductive contact layer; 

removing the mask layer; 
forming an interlayer-insulating layer overlying the sili 

con layer and the ?rst conductive contact layer; 
forming a second through-hole in the interlayer-insulating 

layer, the second through-hole formed so as to corre 
spond to the ?rst conductive contact layer; and 

?lling a second conductive contact layer in the second 
through-hole. 

9. The method for forming a silicon-on-insulator FET as 
claimed in claim 8, further comprising: 

providing a source, a drain, and a gate in the silicon layer; 
simultaneously forming at least one third through-hole 

With the second through-hole in the interlayer-insulat 
ing layer, the at least one third through-hole formed so 
as to respectively correspond to at least one of the 
source, the drain, and the gate; and 

?lling a third conductive contact layer in the at least one 
third through-hole simultaneously With said ?lling a 
second conductive contact layer. 




